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Deterministic timed automata are closed under complement

1. Unique run for every timed word
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Deterministic timed automata are closed under complement

1. Unique run for every timed word

2. Complementation: Interchange acc. and non-acc. states

wi € L(A) w2 ¢ L(A) wy ¢ L(A) w; € L(A)
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Non-deterministic timed automata are not closed under complement

Many runs for a timed word

wy € L(A) wy ¢ L(A)

O O O O O O O

Exists an acc. run All runs non-acc.
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Non-deterministic timed automata are not closed under complement

Many runs for a timed word

wy € L(A) wy ¢ L(A)

A A

Tu.2.0  RRB®

Complementation: interchange acc/non-acc + ask are all runs acc. ?
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A timed automaton model with existential and universal
semantics for acceptance



Alternating timed automata

Lasota and Walukiewicz. FoSSaCS°05, ACM TOCL’2008



Section 1:

Introduction to ATA



» X : set of clocks

» O(X) : set of clock constraints o (guards)
o:x<c|lx<c|logNoy| -0

¢ 1S a non-negative integer

» Timed automaton A: (Q, Qo, X, X, T, F)

T C QxXIxdX)xQxPX)

q OLzﬁ



T C QxXIxPX)xQxPX)

|

T:QxYXxdX)— PQxPX))

q

q1,71 q2,712 43,73 q4;74 45,75



T C QxXIxPX)xQxPX)

|

T:QxYXxdX)— PQxPX))

q

q1;71 N q2,72 N G353 N G474 N 5,75



T:QxXExdX)—P(QxP(X))



T:QxXExdX)—P(QxP(X))
Br(S)isall ¢ :=S|d1 A2l 1V 2
T:QxXIxPX)— BHQxPX))

ax PO = 5 (4.7,
(qﬂ—\ v2)

u%m) \ (‘iznrd)l N 4s 1) %: Yﬂf



T:QxXExdX)—P(QxP(X))

Br(S)isall ¢:=S[d1Ad2| g1V

T:QxXIxPX)— BHQxPX))

(q1,71 A\ q2,7m2) V (g3,73) V (g4, 74 /\ 4575 A\ g6 76)



An ATA isatuple A = (Q, g0, X, X, T, F) where:
T:QxTxdX)— BH(QxPX))

is a finite partial function.
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An ATA isatuple A = (Q, g0, X, X, T, F) where:
T:QxXxdX)— BHQxP(X))
= L—

is a finite partial function.

@(x\ = iﬁ\ !qb*”’“r'i

Partition: For every g, a the set (1,a:9)
(01 (419421

g5

{lo]| T(q,a,0) is defined }

gives a finite partition of R%,
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Acceptance

q
a, g

(q71 \ 92:72) \/ (@3, 73)\/ (g, 74 )\ 95575 )\ g6576)

Accepting run from g iff:

11/29



Acceptance

q
a, g

(q71 \ 92:72) \/ (@3, 73)\/ (g, 74 )\ 95575 )\ g6576)

Accepting run from g iff:

> accepting run from ¢, and ¢,
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Acceptance

q
a, g

(q71 \ 92:72) \/ (@3, 73)\/ (g, 74 )\ 95575 )\ g6576)

Accepting run from g iff:

> accepting run from ¢, and ¢,

> or accepting run from g3,
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Acceptance

q
a, g

(q71 \ 92:72) \/ (@3, 73)\/ (g, 74 )\ 95575 )\ g6576)

Accepting run from g iff:

> accepting run from ¢, and ¢,
> or accepting run from g3,

> or accepting run from ¢4 and gs and ¢
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L : timed words over {a} containing no two 4's at distance 1

(Not expressible by non-deterministic TA)

tr 3 4
1
n + | LA
a X qQ R a

\ .
COW v qd 2212 af dSanu 4 apant-

a Q a
e Qe 8

)
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L : timed words over {a} containing no two 4's at distance 1

(Not expressible by non-deterministic TA)

ATA:

qo,a, it +— (QO, @) N (41, {x})
qluﬂux: 1 = (427(2))
41;47367& 1 - (q17®)

g, a,tt — (q2,0)

qo, g1 are acc., g, is non-acc.
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